Association between physical activity and mortality has rarely been investigated among the Chinese population. Furthermore, the most appropriate amount of physical activity for longevity benefits remains unclear. We used data from the Dongfeng-Tongji cohort, including 24,606 middle-aged and older retired adults in 2008 and followed to 2013, to quantify linear and non-linear dose-response relationships between regular physical activity and mortality risks by Cox proportional hazards model. Compared with participants who did not engage in regular physical activity, those performing regular physical activity had significantly 46%, 56%, and 49% decreased risks of mortality from all causes, circulatory, and respiratory diseases, respectively. Each one-SD increase in regular physical activity was associated with 32% decrease of respiratory disease mortality. There were significant nonlinear doseresponse associations between regular physical activity and mortality from all causes and circulatory diseases. Mortality risks decreased monotonically with increased regular physical activity amount, and appeared to reach a threshold at around 100 MET-hours/week. More mortality benefits were found among non-smokers than that among current and former smokers. Our results suggest that middleaged and older Chinese adults can achieve mortality benefits from regular physical activity at the WHO recommended minimum, and the benefit threshold appears at approximately 100 MET hours/week.
Cumulative evidence has shown that physical activity can decrease mortality; however, the health benefits among elderly remain fairly sparse. While the health benefits appear greater among older populations than younger adults 8 , adverse effects of physical activity are also found among the elderly population as it can be of trigger of sudden deaths [9] [10] [11] . Therefore, it is of importance and interest to identify if there is a threshold for mortality risk associated with physical activity especially among elderly. To date, only one study among the US general populations reported that an upper threshold for mortality benefits occurred at 22.5 to 40.0 MET-hours/ week, though leisure-time physical activity of more than 40 MET-hours/week did not appear to be associated with elevated mortality risk 12 . However, this study did not account for non-leisure time activities especially occupational physical activity, which might result in exposure misclassification. A clearer separation of occupational and non-occupational physical activity benefits is needed to be addressed.
In this study, we investigated the associations between regular physical activity and risks from total and cause-specific mortality in the Dongfeng-Tongji (DFTJ) cohort of 24 606 middle-aged and older retired Chinese. Both linear and nonlinear dose-response analyses were conducted to quantify the associations and identify potential thresholds for mortality risk associated with regular physical activity. Table 1 summaries selected characteristics of the study participants by regular physical activity. Over 44.3% of the participants were males. Mean age of all the participants was 63 ranging from 45 to 95 years. Approximately 95% of the participants performed physical activity less than 75 MET-hours/week, including 2862 participants who reported no regular physical activity. There are 82.2% of subjects performing equal to or more than the WHO recommended minimum (7.5 MET-hours/week). Among all the participants, 41.2% were overweight (28 > BMI ≥ 25) or obese (BMI ≥ 28), 2.6% were underweight, and 2.5% were without data on BMI. Current and former smokers accounted for 29.5% of all participants, while current and former drinker accounted for 26.6%.
Results
Mortality rates by regular physical activity is presented in Table 2 . There were 125,591 person-years in total. The overall mortality was 10.0 per 1000 person-years. The identified 1267 deaths included 436 (mortality rate: 3.5 per 1000 person-years) deaths from neoplasms, 458 (3.6) from circulatory diseases, 84 (0.7) from respiratory diseases, 37 (0.3) from digestive diseases, 46 (0.4) from external causes of morbidity and mortality. Table 3 shows results of the dose-response analyses for regular physical activity and mortality risk. Compared with no regular physical activity, participants reporting regular physical activity show a significant 46%, 56%, and 49% decrease of mortality from all causes, circulatory diseases and respiratory diseases, respectively. Each one-SD increase (24.3 MET-hours/week) in regular physical activity was associated with 22%, 30%, and 32% decrease of mortality from all causes, circulatory diseases and respiratory diseases, respectively. The categorical analyses also showed similar results with significant decreasing Hazard Ratio (HR) trends for categories of regular physical activity in relation to total and cause-specific mortality. Participants performing regular physical activity but less than 7.5 MET-hours/week (the WHO recommended minimum) were also significantly associated . No significant associations were observed between lower mortality risks from neoplasms and respiratory diseases and increasing regular physical activity amount until 37.5 to 75 MET-hours/week. The results also showed that total and neoplasms mortality risks decreased monotonically with increasing regular physical activity amount. For circulatory diseases and respiratory diseases, the mortality risks decreased and appeared to reach a threshold among participants performing 35.7 to 75 MET-hours/week regular physical activity. The results of sensitivity analysis among those who are in normal retirement age (more than 60 years old for male and 50 for female in China) are similar to those in the whole participants (data not shown).
We further examined the nonlinear dose-response associations for regular physical activity and risks of mortality by the penalized spline models. There were significant nonlinear dose-response associations for regular physical activity and risks of mortality from all causes, circulatory diseases, ischaemic heart diseases and cerebrovascular diseases (all p values for nonlinear trend < 0.05) (Fig. 1) . The results showed that total mortality risk decreased monotonically, and appeared to reach a threshold at around 100 MET-hours/week. No significant nonlinear associations were observed between regular physical activity amount and risks of mortality from neoplasms and respiratory diseases.
As shown in Table 4 , stratified analyses gave similar dose-response associations between regular physical activity and total mortality risk by age, BMI, marriage status, education, and drinking status; however, we observed different associations modified by smoking status ( p effect modification = 0.04). Regular physical activity appeared to decrease total mortality risk more among non-smokers than ever smokers (including current and former smokers).
Discussion
In this prospective cohort study of 24 606 middle-aged and older Chinese retired adults, we observed significant dose-response associations between regular physical activity and decreased risks of mortality from all diseases, neoplasms, circulatory diseases and respiratory diseases. The association can be modified by smoking. We also found Chinese middle-aged and older adults can achieve mortality benefits from regular physical activity at the WHO recommended minimum, and the benefit threshold appears at approximately 100 MET hours/week. Table 3 . Estimated hazard ratios (95% CIs) of total and cause-specific mortality associated with regular physical activity in MET-hours/week. Abbreviations: MET, metabolic equivalent. SD, standard deviation. Hazard ratios were estimated by using the Cox proportional hazards model, with adjustment for sex, age, BMI, marriage, education, smoking status and drinking status at baseline. Many studies have demonstrated that increased physical activity was associated with total mortality risk decline. A dose-response meta-analysis of 80 cohort studies reported that physical activity at the highest level can lower 35% risk of total mortality when compared with the lowest level 8 . A pooled analysis from six studies in United States and Europe to conduct the dose-response relationship between physical activity and mortality, reporting a lower risk between 20 and 39% of total mortality among those with physical activity compared with those reporting no physical activity 12 . Our findings showed that participants with regular physical activity were associated with a 31 to 61% lower risk of total mortality when compared with those who did not engage in regular physical activity, which are higher than the results from Arem et al. and Wen et al. 12, 13 . An important reason is the different measurement of physical activity amount between the studies. According to the WHO recommendation, physical activity includes leisure-time physical activity, transportation, occupational, household chores, exercise, and community activities 14 . Arem et al. and Wen et al. assessed the effects of leisure-time physical activity on mortality, while in this study we focused on regular physical activities not only leisure-time physical activity, but also transportation and exercise. Another possible reason for more mortality benefits in regular physical activity in this study is that types and intensity of physical activity among the Chinese population are different from adults in some Western studies. Chinese people prefer moderate intensity physical activities such as walking, biking, and tai chi to vigorous intensity activities 15 . A few studies have assessed the effects of physical activity intensity independently on mortality risk, but the results are inconsistent. A study among late middle aged adults showed that moderate physical activity was associated with a 33% decreased risk of mortality, while no significant association was observed between vigorous activity and mortality 16 . In contrast, several studies have concluded that vigorous intensity physical activity may have a greater benefit for reducing risk of mortality than moderate intensity among adults aged between 28 and 86 8, 17 . Age is another factor affecting the association between physical activity and mortality. A larger reduction in mortality tends to be observed among older than younger adults 8, 18 . In our study, 62% of the participants were aged over 60. Stratified analyses suggested that each one-SD increase in regular physical activity was associated with a 16-28% reduction of total mortality among adults aged over 60, whilst there was 19% reduction among those aged under 60 in this study. This may have been due to retirement transition in the elderly as physical activity patterns and amount can alter after retirement. All the subjects enrolled in this study are all in retirement. Chinese older people who are retired do not go to work, therefore they will spend more time on mild or moderate physical activity such as walking, dancing, or playing tai chi, compared to those are working. Barnett et al. reported that the amount of exercise and leisure-time physical activity increases after the retirement transition 19 . Similarly, a recent longitudinal study has confirmed this and observed that the amount and intensity of physical activity could change by the type of transition out of full-time employment among middle-aged and older adults 20 . All participants enrolled in this study were retired workers, who have no occupational physical activity and may spend more time on regular non-occupational physical activity, gaining more mortality benefits from physical activity than those in other studies.
Physical activity is believed to help reduce cancer risk, but the results are inconsistent among studies in the elderly 1, 12, 21, 22 . A cohort study of Japanese elderly adults reported no clear associations between an overall index of physical activity and cancer mortality, although a moderate reduction of risk was observed 22 ; while Wu et al. found frequency of physical activity were associated with a lower cancer mortality 21 . In our study, we did not observe a significant association between neoplasms mortality and physical activity amount among lower than 37.5 MET-hour/week groups. A remarkable reduction of neoplasms mortality was observed when participants performed more than 37.5 MET-hours/week physical activity. A possible reason is the relatively small sample size for neoplasms, because the association between regular physical activity and neoplasm mortality is likely to be weak and difficult to detect. Further studies with larger sample sizes are needed to examine possible effects of physical activity on cancer mortality among elderly.
Our findings show that performing regular physical activity is an efficient way to reduce the risk of dying from diseases of the circulatory system, which are similar to previous studies 23, 24 . Santulli et al. conducted a review on the benefits of moderate-intensity physical activity and found positive associations between physical training and aging 25 . According to Shiroma et al., the most active individuals have a 30 to 40% risk reduction of CHD and CVD, compared with the least active 26 . In our study, we found a 56% reduction of mortality from circulatory system diseases. It suggests that Chinese adults can benefit more from physical activity. Race may influence the dose-response association between risk of mortality from heart diseases and physical activity amount. Nonblack individuals more likely benefit from physical activity than blacks, but the association among Asians is still not clear because of rarely examined 27 . We also noted that smoking was a potential effect modifier of the association. A greater reduction of mortality risk is associated with increased regular physical activity amount among non-smokers compared with those among smokers, which is similar to a cross-sectional and longitudinal analyses among Swedish adults 28 . Both smoking and physical inactivity can increase mortality risk independently. In this study, smokers typically participated in less physical activities compared with non-smokers, which might lead to greater reduction of total mortality among non-smokers. However, a study among 40-60 year-old employees in Finland reported that physical activity amount can lower mortality risk among smokers, but no association was found among non-smokers 29 .
Characteristic Regular vs irregular Each SD increase
Regular physical activity in MET-hours/week P trend P effect modification 0.1 to <7. Table 4 . Estimated hazard ratios (95% CIs) of total mortality associated with regular physical activity stratified by selected characteristics. Abbreviations: BMI, body mass index; MET, metabolic equivalent. SD, standard deviation. Hazard ratios were estimated by using the Cox proportional hazards model, with adjustment for sex, age, BMI, marriage, education, smoking status and drinking status at baseline.
Our findings show that regular physical activity can decrease mortality risk among middle-aged and older Chinese adults, suggesting that intervention strategies to promote regular physical activity should be a major health priority. Until now, there are no guidelines for physical activity levels in the mainland of China. In the present study, the regular physical activity levels lower than the WHO recommended minimum (0.1 to 7.4 MET-hours/week) are observed to be associated with a 31% reduction in risk of total mortality, which is higher than that from the report of the Physical Activity Guidelines Advisory Committee 30 . Furthermore, an increase in the amount of physical activity is associated with an additional reduction of total mortality risk at smaller magnitudes, but it seems that 7.5 MET-hours/week of physical activity is effective in reducing mortality and should be achievable among middle-aged and older retired adults in China. We also noted that the benefit threshold of regular physical activity appears to be 100 MET-hours/week. There are few studies which focus on the upper threshold of physical activity 12 , however, one study which pooled data from 6 studies in the National Cancer Institute Cohort Consortium reported that a threshold for mortality benefit occurred at 3-5 times the WHO recommendation. The study reported a reduction of mortality risk at the highest physical activity of equal or more than 75 MET-hours/week, but there was no detail on mortality benefit for physical activity beyond 75 MET-hours/week. Our results confirm and extend the previous study to calculate the upper threshold by using both categorical and non-linear models. We still observed a reduced risk of total mortality at more than 5 times the recommended minimum and a higher upper threshold appeared at 100 MET-hours/week 12 . This indicates that people can achieve more mortality benefits through performing more regular physical activity up to 100 MET-hours/week. These findings have important public health implications on future guidelines of regular physical activity, especially in China.
There are some strengths of this study. First, all participants enrolled in this study are retired workers, eliminating potential confounding by occupational physical activity. Second, we had a wide range of regular physical activity amount, which enabled us to examine the upper threshold of mortality benefits. Finally, we quantified the dose-response relationship between regular physical activity and mortality by both linear and non-linear analyses, and the results from the different models are consistent. Meanwhile, nonlinear analyses represent a detail dose-response association between regular physical activity and mortality, especially at high level of physical activity.
One limitation in our study is that the relatively short follow-up time. All the information about physical activity is self-reported. Recall bias on duration of regular physical activity, especially in earlier years may exist. Moreover, we did not measure the accurate intensity of certain type of regular physical activity. Instead, we assessed the physical activity intensity by types of physical activity according to MET equivalents of common physical activities classification. Furthermore, in this study, we included participants in early retirement. According to the State Council Provisional Regulations on Retirement and Resignation of Workers in China, males who are reaching the age of 50, females 45, with a seniority of ten years of continuous service, certified in hospital and confirmed by the labor appraisal committee as being completely incapacitated should retire. Younger subjects in our study may cause bias on the relationship. However, we excluded those suffering severe diseases which may affect physical activities in the present study. Meanwhile, we conducted a sensitive analysis to quantify the association between mortality risks and regular physical activity among those a participants retired in the normal age (more than 60 years old for male and 50 for female), and the results are similar to those among whole subjects. Another limitation is that we did not examine any effects of types, intensity, duration, or frequency of physical activity independently, although we considered all of them when estimating the physical activity amount. The types and intensity of physical activity among Chinese adults maybe different from individuals in Western countries. Further studies are needed to investigate the associations between types or intensity of physical activity and mortality risk among Chinese adults.
In conclusion, regular physical activity is negatively associated with total and cause-specific mortality risks, and the benefit threshold from regular physical activity appears at approximately 100 MET hours/week among middle-aged and older Chinese retired adults. Non-smokers might gain more health benefits from regular physical activity. Regular physical activity should therefore be encouraged to promote positive health outcomes in China.
Methods
Study design, setting and participants. This study included 24 606 participants from the DFTJ cohort, which has been described elsewhere 31 . In brief, the cohort included 27 009 residents in retirement and from different communities in Shiyan city, China. It was established and collected for baseline information between September 2008 and June 2010, and then followed up until October 31, 2013. A total of 25 978 participants (96.2%) completed the follow-up, yielding in 125 591 person-years with a median of 5.1 years follow-up. Trained investigators used questionnaires to collect information on demographics, education, marriage status, smoking, alcohol consumption, regular physical activity, and vital status. By excluding 479 participants with a diagnosis of malignant neoplasms and 893 participants without information on regular physical activity, 24 606 participants were included in the final analysis.
Ethics Statement. The research protocol was approved by the Ethics and Human Subject Committee of Tongji Medical College, Huazhong University of Science and Technology, P.R. China. The methods were carried out in accordance with the relevant guidelines. All participants enrolled gave written informed consent for participation.
Exposure assessment. We collected baseline self-reported information on regular physical activity from each participant through the questionnaire by asking five questions: "Did you do regular physical activity in the past six month, which lasts at least 20 minutes each time?", "Which type of physical activity did you do? (Including leisure-time physical activity, transportation and exercises)", "How many times did you do on regular physical activity each week?" "How long did you spend on physical activity each time?", "How many years have you done regular physical activity?" We considered 9 types of regular physical activity, including walking, biking, dancing, tai chi, doing exercise in gym, playing ball games, jogging, swimming, and climbing. For each participant, energy expended by each type of physical activity was calculated by multiplying estimated metabolic equivalent (MET) value by the duration in hours/week. The estimated MET hours/week for regular physical activities were 3 for walking, 4 for biking, 4.5 for tai chi, 7.5 for jogging or swimming, 5 for dancing, 4.5 for climbing, 6 for playing ball games or doing exercise in gym 32, 33 . We then summed across all types of regular physical activities for each subject to estimate the overall energy expenditure in MET hours/week.
Outcomes. Each subject has a unique medical insurance card number in the medical insurance system. We used this system to track each subject's vital status, and obtained underlying cause of death for each deceased. The 10 th version of the International Classification of Diseases (ICD-10) was used to code the causes of death. In this study, we divided causes of death into those resulting from all causes (ICD-10: A00-Y98), and specific diseases including Neoplasms (C00-C97), diseases of the circulatory system (I00-I99), and diseases of the respiratory system (J00-J99).
Statistical analysis.
We conducted quantitative dose-response analyses using the Cox proportional hazards model. HR and 95% confidence intervals (CIs) for mortality risk with regular physical activity were estimated, with adjustment for sex, age, BMI, marriage status, education, smoking status, and drinking status. By including regular physical activity as a dichotomized variable (yes/no), we estimated the HR for regular physical activity in relation to mortality risk in comparison with no regular physical activity. We also estimated the HR associated with each one-standardized deviation (SD) increase in regular physical activity, by including regular physical activity as a continuous variable in the model. To examine shape of the dose-response relationship, we conducted categorical analyses by dividing regular physical activity into six categories, including no regular physical activity (0), 0.1 to < 7.5, 7.5 to < 22.5, 22.5 to < 37.5, 37.5 to < 75, and ≥ 75 MET-hours/week. The cutpoints of these categories were 1, 3, 5, and 10 times the recommended minimum of WHO physical activity guidelines (7.5 MET-hours/week), respectively. In addition, we examined nonlinearity of the dose-response relationships by integrating penalized splines in the Cox proportional hazards model. Furthermore, we conducted a sensitivity analysis to explore the potential effect of physical activity on mortality among those who were in early retirement.
We conducted stratified analyses by using Cox proportional hazards models to investigate whether covariates modified the association between regular physical activity and total mortality risk, Effect modification of each stratification variable was performed by likelihood ratio tests by comparing two nested multivariate models with and without an interaction term of regular physical activity and the stratification variable. A p value larger than 0.05 was considered no significant effect modification. We conducted all data analyses using R 3.2.3 software. All p values were 2-sided.
